The N 4 0 0 is an endogenous event-related brain potential (ERP) that is sensitive to semantic processes during language comprehension. The general question we address in this paper is which aspects of the comprehension process are manifest in the N 4 0 0 . The focus is on the sensitivity of the N 4 0 0 to the automatic process of lexical access, or to the controlled process of lexical integration. The former process is the reflex-like and effortless behavior of computing a form representation of the linguistic signal, and of mapping this representation onto corresponding entries in the mental lexicon. The latter process concerns the integration of a spoken or written word into a higher-order meaning representation of the context within which it occurs. ERPs and reaction times (RTs) were acquired to target words preceded by semantically related and unrelated prime words. The semantic relationship between a prime and its target has been shown to modulate the amplitude of the N 4 0 0 to the target. This modulation can arise from lexical access processes, reflecting the automatic spread of activation between words related in meaning in the mental lexicon. Alternatively,
INTRODUCTION
In this paper we present an empirical investigation of the processing nature of the N 4 0 0 , an endogenous eventrelated brain potential (ERP) related to semantic processes during language comprehension. The question we address is whether the N 4 0 0 is largely a reflection of lexical access or of lexical integration processes. Lexical access refers to the process of computing a form representation of the physical signal, and of mapping this representation onto corresponding entries in the mental lexicon. This results in the activation of a subset of entries within the lexicon, together with their associated syntactic and semantic properties. Lexical integration processes are concerned with entering the spoken or written word into a higher-order meaning representation of the entire discourse. That is, the syntactic and semantic specifications associated with an activated lexical item are matched with a representation built up and retained in working memory containing the syntactic and semantic specifications of the current context. The better the match between these lexical and contextual specifica-0 1993 Massachusetts Instztute of Technology the N 4 0 0 effect can arise from lexical integration processes, reflecting the relative ease of meaning integration between the prime and the target. To assess the impact of automatic lexical access processes on the N 4 0 0 , we compared the effect of masked and unmasked presentations of a prime on the N 4 0 0 to a following target. Masking prevents perceptual identification, and as such it is claimed to rule out effects from controlled processes. It therefore enables a stringent test of the possible impact of automatic lexical access processes on the N 4 0 0 . The RT study showed a significant semantic priming effect under both unmasked and masked presentations of the prime. The result for masked priming reflects the effect of automatic spreading of activation during the lexical access process. The ERP study showed a significant N 4 0 0 effect for the unmasked presentation condition, but no such effect for the masked presentation condition. This indicates that the N 4 0 0 is not a manifestation of lexical access processes, but reflects aspects of semantic integration processes.
tions, the easier the lexical integration process is. Athough models of lexical processing differ in their specification of the functional architecture for word recognition, as well as in their assumptions concerning the representational content of the mental lexicon, the general division into access and integration functions is a basic underlying feature (e.g., Forster, 1989; Frauenfelder & Tyler, 1987; Marslen-Wilson, 1989) . It is at present unclear to what extent these aspects of the word recognition process are manifest in the N 4 0 0 . This is an important issue because it has implications for the kinds of psycholinguistic questions that can be addressed by means of N 4 0 0 research. For instance, there is considerable debate on the time course of the word recognition process and on the issue of which sources of linguistic and nonlinguistic knowledge can affect the lexical access and integration functions (cf. Zwitserlood, 1989 ). An understanding of the extent to which access and integration functions are reflected in the N 4 0 0 will provide valuable information on the role that the N 4 0 0 can play in settling this debate. Such understanding, however, presupposes a more detailed picture than currently available of the processing characteristics of the N400, as well as of the kinds of linguistic information it reflects.
It is by now firmly established that the amplitude of the N400 elicited by the visual or auditory presentation of a word is modulated as a function of the degree to which the eliciting word is related to its preceding semantic context (see , for a review). Research on the N 4 0 0 has concentrated on both visually presented sentential contexts ( e g , Kutas & Hillyard, 1980 , 1984 Kutas, Lindamood, & Hillyard, 1984; Kurds, Van Petten, & Besson, 1988) , and on visual or auditory single word contexts ( e g , Bentin, McCarthy, & Wood, 1985; Boddy, 1786; Holcomb, 1988; Holcomb & Neville, 1990; Kutas & Hillyard, 1989; Kugg, 1985) . The latter work has used lexical priming paradigms. In such paradigms, a prime word is presented prior to a target word, and the degree and nature of the informational overlap between the prime and the target are manipulated. In semantic priming-the paradigm with which we are concerned in this paper-subjects are presented with either related (e.g., tuhlexhair) or unrelated (e.g., upple-money) pairs of words. The standard observation with respect to the N 4 0 0 in these kinds of semantic contexts is that the maximal amplitude of the N 4 0 0 elicited by targets preceded by unrelated primes is significantly larger compared to the mdximal amplitude of the N400 elicited by targets preceded by related primes. This N400 effect fits well with a large number of lexical processing experiments where reaction times were measured in lexical decision and naming tasks, and where the standard finding is that unrelated targets are responded to slower and less accurately than related targets (cf. Meyer & Schvaneveldt, 1771; Neely, 1977; see Neely, 1791 , for a review of the literature on visual semantic priming).
The conceptual analysis of the semantic priming reaction time effect has evolved from the distinction between automatic and controlled processes, exemplified in the dual-process model proposed by Posner and Snyder (1975) . Automatic processes are assumed to be fast, of short duration, to not require attention or awareness, and to not draw from a common pool of resources. Controlled processes are taken to be slower, to involve resource capacity, and to be under intentional control, thereby allowing the subject's expectancies and strategies to exert an effect (cf. Shiffrin & Schneider, 1977) . Within the functional framework of word recognition given above, the lexical access function can be described as an automatic process and the lexical integration function as a controlled process. That is, the process of accessing the mental lexicon and activating a relevant subset of words is taken to be reflex-like and effortless behavior, which cannot be controlled by the subject. The process of integrating the spoken or written word within the context that accompanies it is seen as a process that can be guided by the subject's awareness of the informational content of the discourse. The specific issue, then, of whether the N 4 0 0 reflects lexical access or integration processes, can be seen against the background of a more general question concerning the automatic or controlled processing nature of the N400. In the present paper, we approach this issue by investigating semantic priming effects on the N400.
A large number of studies has investigated the mechanisms underlying semantic priming effects, and it has become clear that different aspects need to be taken into account to assess the relative contribution of automatic and controlled processes to the priming effect, in particular when specific properties of the lexical decision and naming tasks are considered (Balota & Chumbley, 1984; De Groot, 1984; Keefe & Neely, 1990; Neely, 1991; Neely, Keefe, & Koss, 1989) . To date the most articukdted analysis of semantic priming effects is that of . They argue that three different mechanisms are required to account for the full spectrum of priming effects observed in reaction time tasks. Only one of these mechanisms is claimed to be automatic; the remaining two are forms of controlled processing.
The first mechanism is the automatic spread of activation (ASA). It assumes that strong (or direct) links exist between semantically and/or associatively related nodes in the mental lexicon (cf. Collins oi Loftus, 1975) . On presentation of a word, the corresponding node in the lexicon is activated, and this activation spreads along the paths in the network to nodes representing words that are related in meaning. As a consequence, the activated nodes representing related word targets need less time for subsequent processing. The processing of unrelated words is not affected, since the activation levels of their nodes in the network will not have changed. ASA has all the characteristics attributed to automatic processes.
The second mechanism is expectancy-induced priming. Subjects can generate an expectancy set on the basis of the information contained by the prime. This expectancy set consists of words that are potential targets. If the target is a member of this set it will be recognized more quickly. If it is not, recognition will be slowed down. Unlike ASA, expectancy-induced priming therefore not only facilitates the processing of expected targets, but also inhibits the processing of unexpected targets (cf. Neely, 1977) . It can be influenced by instruction and by the list structure of the materials (for example, the proportion of related prime-target pairs; cf. Keefe & Neely, 1990) . As such, expectancy-induced priming is characterized as a controlled process. However, it is debatable whether this form of priming is part of the normal comprehension process. The circumstances which bring about expectancy-induced priming are specific to the prime-target priming paradigm, and it has therefore been argued that this particular form of priming does not reflect the standard operations of the lexical access and integration functions (cf. De Groot, 1984; Neely, 1991) .
The third mechanism is semantic matching, again a controlled process. Semantic matching (or "post-lexical coherence checking" in the terminology of De Groot, 1984) influences the results in a lexical decision task, but cannot account for priming effects obtained with a naming task. In a lexical decision task it is assumed that subjects match primes with targets and bias their decisions according to the result of this matching process. The detection of a relationship between primes and targets leads to a bias t o respond "yes." If no relation is detected, then there is a bias t o respond "no." Thus, semantic matching results in facilitation for related targets. For unrelated targets, however, semantic matching does not succeed, which induces a bias to respond "no." Therefore, the required yes response will be inhibited. Although posit that the effects of semantic matching are particularly salient in priming patterns obtained with the lexical decision task, it has been argued that matching processes play a role in everyday fluent reading situations (cf. De Groot, 1984; Henderson, 1982; Neely, 1991) .
In sum, three mechanisms are thought to underlie semantic priming effects. In principle, each of these mechanisms could influence the N400 effect, but this will in part depend on the specific experimental situation in which the measurement is obtained, as is the case for reaction time priming effects. In particular the presence or absence of controlled processing effects is largely determined by stimulus-structure and task-related factors. With respect to the issue under investigation in the present study, namely the sensitivity of the N400 to processes of lexical access and/or integration, it is critical to investigate the N400 effect in stimulus situations where the possible impact of controlled processes has been eliminated. This provides the best test of the sensitivity o f the N400 to lexical access processes. If the N400 is indeed sensitive t o automatic processes during lexical processing, then experimental manipulations that emphasize or isolate the influence of ASA, should modulate the N400 effect.
Until now, very few studies have been conducted that directly address the processing nature of the N400, and the results are equivocal.
Boddy (1986) investigated the effects of stimulus onset asynchrony (SOA) between primes and targets on Ems elicited in a semantic priming paradigm with a lexical decision task. Manipulating SOA is a traditional method to assess the impact of ASA, because under normal reading conditions this automatic process contributes to semantic priming effects only within a restricted temporal window of some 500 msec (De Groot, 1984; Neely, 1977; Prdther & Swinney, 1988) . Boddy obtained the standard N400 effect as a function o f semantic relatedness, but this effect, as well as the reaction time priming effect, was not modulated by SOA, which was varied between 200, 600, and 1000 msec. Although Hoddy is cautious in interpreting this absence of effects due to SOA, he posits that the null result indicates that the N400 effect is due to controlled processes (although he characterizes the observed negativity-which he refers to as the N2 component-as "an automatically generated enhancement of arousal"). The absence of a differential reaction time effect for the short and long SOAs suggests that Boddy's SOA manipulation did not result in a suppression of the contribution of controlled lexical processing. Although a short SOA condition has been shown to be effective in excluding expectancy-induced priming effects (cf. Neely, 1991) , it does not rule out the influence of semantic matching processes (cf. De Groot, 1984) . So it remains unclear on the basis of Boddy's data whether a mixture of different priming mechanisms is reflected in the N400. Holcomb (1988) assessed the relative impact of automatic and controlled processes on the N400 effect by manipulating the proportion of related wordpairs presented in a lexical decision task, in combination with an instruction to either ignore or attend to the semantic relationship within a wordpair. Manipulating the proportion of related wordpairs in a list is a standard method to assess the impact of expectancy-induced priming, and instruction is thought to contribute to this priming mechanism. His basic finding was that an N400 effect is observed for both high and low relatedness proportions, and that the effect is largest in high proportion lists. Holcomb argues that his results show that apart from controlled processes, the N400 also reflects automatic processes. This claim is based on the assumption that the low proportion list excluded effects due to expectancy-induced priming. However, the manipulation used by Holcomb does not exclude the other form of controlled processing, namely semantic matching. So it is not clear whether the amplitude of the N400 is actually influenced by ASA.
Finally, Kutas and Hillyard (1989) report data from a semantic priming paradigm in which the subjects' attention was focused on nonsemantic properties of the stimuli, in an attempt to assess the contribution of automatic processes to the N400. Subjects read pairs of semantically related or unrelated words, followed by a single letter. Their task was to judge whether the letter had been present in either of the preceding words. Following presentation of all the stimuli, the subjects rated the degree of relatedness within each wordpair. The EEG signal was averaged both on the basis of the subjects' ratings and on the basis of established association norms. Both analyses showed that the amplitude of the N400 was modulated by the degree of semantic relatedness, despite the fact that the subjects' task was in no way connected to the meaning aspects of the stimuli. On the basis of these results, Kutas and Hillyard hypothesize that automatic processes do manifest themselves in the N400, although they point out that they cannot exclude that subjects were in fact consciously aware of the semantic relations between the words, despite having only to perform a delayed letter search task. This is indeed critical. Because the task situation did not exclude controlled lexical processing, it cannot, therefore, be ruled out that the ob- served N400 effects are actually a reflection of controlled instead of automatic lexical processing. The work discussed above does not provide a conclusive characterization of the N400 with respect to automatic and controlled processes, and this is explicitly pointed out by all of the researchers involved. Neither does it relate the N400 to processes of lexical access and integration, which has been a largely ignored issue in the literature on the N400. The main reason why the processing nature of the N400 has remained elusive is because the experiments reported so far did not sufficiently separate the effects of M A , expectancy-induced priming, and semantic matching. This makes it difficult to assess what the relative influence of these mechanisms is in terms of the observed amplitude differences of the N400. We believe that a more stringent test-perhaps within the spectrum of currently available methodologies the most stringent test-of the processing nature of the N400 can be obtained by using the visual masked priming technique. We will report reaction time and ERP data from a visual semantic priming paradigm, using both masked and unmasked presentations of the prime.
The general procedure in visual masked priming is to present some form of pattern mask (e.g., hash marks, skewed parts of letters) immediately following (and sometimes preceding, cf. Forster & Davis, 1984) a briefly presented (usually between 10 and 40 msec) prime word, following which an unmasked target word is presented on which some task has to be performed (e.g., lexical decision). Under appropriate viewing conditions, the masking technique prevents a stimulus from reaching conscious perception, and as such it is claimed that masking by and large rules out controlled processing (cf. Marcel, 1983) .
A number of researchers have used the masking technique in semantic priming paradigms, and report significant priming effects despite the subjects' inability to perceptually identify the prime (e.g., Dagenbach, Carr, & Wilhelmsen, 1989; Fowler, Wolford, Slade, & Tassinary, 1981; Kemp-Wheeler & Hill, 1988; Marcel, 1983) . Such evidence has been taken as strong support for a characterization of lexical semantic priming in terms of automatic processes of spreading activation within the lexicon. At the same time, the evidence argues against the necessity of any essential role for controlled processes in bringing about a semantic priming effect.
The masking technique has been the subject of an intense methodological debate, mostly directed against the validity of the threshold setting procedures (cf. Cheesman & Merikle, 1984 , 1985 Holender, 1986 ). Cheesman and Merikle, for instance, distinguish subjective from objective thresholds. The former is "the detection level at which subjects claim not to be able to discriminate perceptual information at better than a chance level", whereas the latter is "the detection level at which perceptual information is actually discriminated at a chance level" (Cheesman & Merikle, 1984, p. 391 ).
The claim is that masked priming only obtains at subjective thresholds, and, hence, that there is no evidence for true perception without awareness (but see KempWheeler & Hill, 1988 , who report masked priming effects using objective threshold presentation conditions). Both with subjective and objective thresholds, however, perceptual identification is excluded. Under appropriate masking conditions, subjects are totally unaware of the identity of a masked prime, as can be demonstrated both by their subjective reports and their performance on a forced-choice recognition task. Since it is assumed that perceptual identification is a prerequisite for expectancyinduced priming and semantic matching to occur, this implies that masking prevents the possible impact of both forms of controlled processing. Any remaining priming effects are thereby due only to ASA.
Our claim then is that visual masked priming enables an empirical test of the processing nature of the N400. In comparing masked and unmasked priming conditions, the predictions concerning the amplitude of the N400 to targets preceded by masked or unmasked primes are straightforward. If the N400 reflects in large part lexical access processes, then an N400 effect will be observed as a function of the semantic relation between primetarget wordpairs, under both masked and unmasked presentation of the primes. If, however, the N400 reflects in large part lexical integration processes, then an N400 effect will not be obtained with the masked presentation.
RESULTS

RT Experiments
The results of the unmasked and masked version of the RT study are summarized in Table 1 . The unmasked version of the RT experiment resulted in a priming effect of 70 msec, which was highly significant both in a subject analysis [F,(1,14) = 99.82, MSe = 363.09, p < 0.00011 and in an item analysis [F2(1,39) = 280.83, MSe = 344.17, p < 0.00011. As was expected, subjects are faster in responding to a target word when it is preceded by a semantically related word than when it is preceded by a semantically unrelated word (Meyer & Schvaneveldt, 1971) .
For the masked version of the RT experiment, subjects with a score of more than 11 out of 30 correct on the forced-choice recognition task were excluded from fur- Brown and Hugoort 37 ther statistical analyses. For this reason, four subjects were removed from the database. The remaining 11 subjects had a mean score of 7.8 items correct (range 3-11), which is chance level. For these subjects a priming effect of 12 msec was obtained which was significant in both the subject analysis [Fl(l,lO To be certain that the priming effect in the masked version of the experiment could only be due to the processing of the semantics of the primes, a control experiment was performed. This experiment replicated the set up of the masked version of the RT experiment with one major change. In the control experiment the primes were removed and replaced by a 40 msec blank screen between the forward and the backward mask. This resulted in a nonsignificant difference of 3 msec between the related and unrelated conditions [F1(1,14) < 1; F2(1,39) < 11.
In summary, both in the unmasked and in the masked version of the RT experiment significant priming effects were obtained. This demonstrates that when the presentation conditions exclude the contribution of forms of controlled processing to the priming effects, a smaller but significant priming effect still remains. The latter priming effect most likely reflects the automatic spread of activation between semantic nodes in the mental lexical (cf. Neely, 1991) .
ERP Experiments
The ERP waveforms for the unmasked version of the experiment, averaged over subjects by condition and electrode, are presented in Figure 1 . The ERP waveforms for the masked version are presented in Figure 2 . Both figures show the whole prime-target epoch. Analyses were done on the basis of calculations of mean amplitudes in the 250-450 msec range following target onset, relative to a baseline of 100 msec directly preceding the target. In accordance with previously reported ERP semantic priming effects, an N400 effect was obtained in the unmasked version of the experiment for the group of 15 subjects. Averaged over all three midline electrode positions, the mean amplitude of the waveform was significantly more negative for the unrelated compared to the related condition [F1(1,14) on the basis of their results on the forced-choice recognition task. The remaining 15 subjects had a mean score of 7.4 items correct (range 4-11) on the forcedchoice recognition task, which again is chance level, Statistical analysis on the data of these remaining subjects showed that no N400 effect was observed in the masked version of the experiment [F1(1,14) < 11. The interaction between relatedness and electrode position was also not significant [F1(2,28) < 11. Table 2 summarizes the mean amplitudes in the 250-450 msec range following target onset for each electrode position in both conditions for the unmasked and the masked version of the experiment.
In conclusion, a clear dissociation in N400 effects is observed between the unmasked and the masked version of the experiment, N400 effects were obtained only under full viewing conditions of primes and targets. This implies that when perceptual identification of the prime is not possible, the N400 to a target word is not modulated by the meaning relations between prime and target.
DISCUSSION
To answer the question whether the N400 reflects mainly lexical integration processes or also processes of automatic lexical access, the critical comparison is between the results in the RT versions and the ERP versions of the experiment. Assuming that within the domain of semantic word priming ASA reflects processes that share important characteristics with lexical access in ordinary language comprehension, a presentation condition is required in which effects of ASA are isolated from those of expectancy and semantic matching. Masking of primes in a lexical decision task is such a condition (Neely, 1991) . Previous research has shown that with this experimental configuration significant RT-priming effects can be obtained. The data from our study replicate these results. Both the unmasked and the masked version of the RT experiment resulted in significant priming effects. The size of this priming effect was substantially larger in the unmasked version than in the masked version, a difference usually obtained in masked priming studies. The smaller semantic priming effects obtained with masked primes are an indication for the absence of contributions to these priming effects by expectancy and semantic matching. Under presentation conditions identical to those in the RT versions, N400 effects were only obtained when primes were unmasked. As shown in other word priming studies (Boddy, 1986; Holcomb, 1988; Holcomb & Neville, 1990; Kutas & Hillyard, 1989) , a reduction of the N400 amplitude occurs when a target is preceded by a semantically related prime under normal reading conditions. However, when perceptual identification of the primes was prevented by the presence of a pattern mask, a reduction of the N400 amplitude was no longer seen for targets preceded by semantically related primes. Thus when priming depends exclusively on ASA, no modulation of the N400 seems to result. This outcome is consistent with the view that the N400 is especially sensitive to lexical integration processes. Other results obtained in N400 studies further support this view. In particular the reduction of the N400 amplitude towards sentence endings for open class words (Van Petten & Kutas, 1990) is evidence in favor of this interpretation. Increasing contextual constraints from a sentence-level representation aid in integrating incoming lexical items at later positions in the sentence, provided that their syntactic and semantic specifications are congruent with the sentential representation. This ease of lexical integration seems to be reflected in amplitude reduction for the N400 both in sentence and in word contexts. Additional supporting evidence for this processing account of the N400 has been obtained in two ERP studies on syntactic processing. In these studies a positive shift in the ERP waveforms as a result of a syntactic violation was followed by an N400 effect to words presented after the violation (Hagoort, Brown, & Groothusen, in press; Osterhout & Holcomb, 1992) . Here, the violation of a syntactic constraint seems to have rendered the integration of the words following the violation more difficult compared to the integration of these very same words in the syntactically legal version of the sentences, and this processing difficulty is reflected in the N400. These contextual N400 effects are most likely not generated at the level of lexical representation, but at the level of sentential integration. At this latter level, processes have access to both the output of the form-based lexical access process and to the higher-order context representation (cf. Marslen-Wilson, 1989) . Three caveats with respect to the interpretation of the results should be made. The first concerns the signal-tonoise ratio of ERPs compared to RTs. The second concerns the registration of the N 4 0 0 in our experiment, and the third concerns the masking technique.
It is possible that the absence of an N 4 0 0 effect in the masked priming experiment does not reflect the processing nature of the N 4 0 0 . It could be claimed that the signal-to-noise ( S / N ) ratio of EWs in general, and of the N 4 0 0 in particular, is worse than the S/N ratio for reaction times. If this is the case, then it is possible that there is an N 4 0 0 effect under masked priming conditions, but this effect, in contrast to the RT effect, is too small to emerge from noise. In the absence of systematic research on the quantitative relationships between linguistic EWand RT-priming effects, this possibility cannot be entirely excluded. However, it does not seem to be the case that N 4 0 0 effects and RT effects necessarily go hand in hand, and the dissociation we have observed between N400 and RT does not stand on its own in the literature. Holcomb (1992) , for instance, reports a dissociation of the effects of degrading the visual signal of a target (in a visual word-word semantic priming paradigm) on the N 4 0 0 and on RT, with only the latter measure showing degradation effects. Furthermore, Holcomb and Anderson (personal communication, March 1992) have also found dissociations between RT and N 4 0 0 effects in word-word semantic priming studies using the lexical decision task. In one auditory study they observed ERP effects starting at 150-300 msec and extending to 950 msec, but the RT difference between the related and unrelated condition was a nonsignificant 18 msec. In an experiment using cross-modal presentation (auditory prime, visual target) with an SOA of 200 msec, Holcomb and Anderson (1992) found a 16 msec nonsignificant RT effect and a significant N 4 0 0 effect in the 300-550 msec time window following target onset. These studies, then, demonstrate that in the absence of significant RT effects, significant N 4 0 0 effects can be observed. This weakens the plausibility of an S/N ratio explanation of the N 4 0 0 null effect we have observed in the ERP masked priming experiment (all the more since the absolute size of the nonsignificant RT effects found by Holcomb & Anderson compares well with our significant 12 msec priming effect). tn conclusion, although at present there is insufficient data on the relative S/N ratios of N400-and RTpriming effects to make strong claims about either their differences or their similarities, there is no evidence on which to maintain that the N 4 0 0 null effect we have observed under masked priming conditions is not in fact a reflection of the fundamental processing nature of the N 4 0 0 .
The second caveat relates to the fact that in the experiments reported in this paper only three midline sites were recorded. It cannot, therefore, be ruled out that small N 4 0 0 effects could have been observed at lateral sites, especially at right posterior sites where the N 4 0 0 is claimed to be more pronounced in the case of visual presentation. However, EW studies presenting words or sentences in the visual modality often show centro-parietal midline effects that are not less pronounced than the lateral posterior effects (e.g., see Kutas & Hillyard, 1983) . Moreover, a study in which lateral sites were recorded also failed to find N 4 0 0 effects under masked priming conditions (Neville, Pratarelli, & Forster, 1989) . So, although the restricted EEG configuration leaves open the principled possibility of N 4 0 0 effects at unrecorded sites, this outcome does not seem very likely.
The final caveat concerns the masking technique. Two recent papers on masked priming (Carr & Dagenbach, 1990; Dagenbach et al., 1989) report that semantic facilitation obtained with masked primes could be turned into inhibition as a result of a different threshold judgment procedure preceding the lexical decision task. This, the authors argue, seems to represent a "conscious" influence on "unconscious" processing. As such it might constrain the validity of the assumption that masking excludes all forms of controlled processing. Although the results of Dagenbach (1990) and Dagenbach et al. (1989) are intriguing, it is not easy to interpret them in terms of the distinction between automatic and controlled processing. It is also unclear how the centersurround attentional mechanism that Carr and Dagen-bach (1990) propose by way of an alternative to dualStimuli process models like those of Posner and Snyder (1975) and Neely (1977) can account for the vast amount of empirical results in the word priming literature that seems to support the distinction between ASA and controlled priming mechanisms (Neely, 1991) . Therefore, we still believe it is a valid assumption that the strongest evidence for ASA is priming effects obtained in a masked priming paradigm (cf. Neely, 1991) . Moreover, the dissociation between RT and ERP effects in the masked priming version of our experiment is consistent with this assumption. If controlled processing had influenced the priming results under the masking conditions that we used, then the absence of an N400 effect remains unexplained.
On the basis of a clear dissociation between the pattern of results for the reaction times and the N400, we have concluded that the N400 is mainly sensitive to processes o f lexical integration. This conclusion should be tested in further studies on the processing characteristics of the N400. One aspect that we are currently trying to clarify is whether the N400 is sensitive to both expectancy and semantic matching or only to the latter priming mechanism. Another issue under investigation is whether similar N400 effects are obtained in a reading-only situation, compared to the situation with lexical decision as an additional task. This addresses the question of whether controlled processes in semantic priming studies are induced by the task situation or arise independently of tasks other than the natural one, namely reading. In our view ERP research has a major role to play in answering this question, which is a central issue in current debates on the nature of semantic priming. Finally, research on lexical integration processes--one o f the more difficult and neglected areas in language comprehension research-stands t o benefit greatly from incorporating a sensitive and uncontaminated measure of these processes into its experimental program. The present results indicate that the N400 might provide such a measure.
METHODS
Subjects
Forty-five young subjects between 18 and 29 years old from the MPI subject pool participated in the three KT experiments, 15 in the unmasked RT experiment, 15 in the masked RT experiment, and 15 in the control experiment.
Another group of 35 subjects in the same age range participated in the two ERP experiments, 15 in the unmasked version and 20 in the masked version.
All subjects were native speakers o f Dutch, had normal or corrected to normal vision, and were paid for participation in the experiments. All subjects were right handed according to self-report.
The stimuli consisted of a series of 160 prime-target pairs. Half of these pairs had a nonword target, half had a Dutch word as target. The word pairs consisted either of associatively related words (e.g., "peczce-war"), or of words that were unrelated in meaning (e.g., "star-bour"). Half of the 80 target words was preceded by a related word prime and the other half by an unrelated word prime.
The construction of the critical prime-target pairs was done according to the following procedure. A set of 84 word pairs with a related target and 84 word pairs with an unrelated target were constructed. The word targets of these two sets were matched in number of letters and in frequency. To establish word frequencies, Dutch frequency norms (Uit den Boogaart, 1975 ) based on a corpus of 720,000 words were used. The total set of 168 target words was supplemented by a set of 168 legal nonwords that were constructed in accordance with the phonotactic rules of Dutch, and that were matched in length with the word targets. These words and nonwords were presented in a target isolation pretest to a group of 20 subjects. Words and nonwords were visually presented in a randomized sequence to 10 subjects and in the reverse order to another group of 10 subjects. Subjects had to make a speeded lexical decision on the targets by pushing a YES button as quickly as possible when the target was a word, and a NO button when the target was not a word in Dutch. The RTs to word targets obtained in this way were used to match the set of related and unrelated targets on overall absolute RT. Each related target was matched with an unrelated target on the basis of the criterion that their RTs should not differ more than 4 msec.
This matching procedure resulred in a set of 40 word pairs with related targets, 40 word pairs with unrelated targets, and 80 legal nonwords for the prime-target pairs in the nonword condition. Both primes and targets ranged in length from 3 to 8 letters. In addition to the critical prime-target pairs, a set of 28 practice items and a set of 14 startup items were constructed.
To establish whether our masking procedure was effective in preventing the perceptual identification of masked primes, we constructed a forced-choice recognition test. For this test a set of 30 words was selected, matched in length and frequency with the mean values of the primes for the critical word target items of the experiment. These 30 items were presented under exactly the Same masking conditions as the primes in the masked RT and ERP experiments. For each of the words three alternatives were selected for the forced-choice recognition task. The three alternatives had exactly the same number of letters as the target word, but overlapped minimally in their word forms. This meant that for most items identifying one or two letters at the appropriate position in the masked word would already be enough to choose the correct alternative out of the four possible responses. This led to a conservative test of the subjects' ability to perceptually identify lexical items under the masking conditions that were used in this study (cf. Cheesman & Merikle, 1984) . Given that all forms of controlled semantic priming presuppose the perceptual identification of the prime (cf, Neely, 1991) , priming effects shown by subjects with a score on the forcedchoice task which is not different from chance, are assumed to be due to automatic spread of activation only.
Procedures
The stimuli were generated and controlled by a Miro GD laboratory computer and were centrally presented in a 8 cm by 2 cm window on a high-resolution PC-monitor which was covered by a black shield. Primes were presented in lowercase letters, and targets in uppercase letters. The unmasked version of the experiments consisted of the presentation of the primes for 240 msec, an interstimulus interval (ISI) of 500 msec, followed by the targets that were presented for 200 msec. A trial in the masked version began with the presentation of a forward mask consisting of a row of 8 hash marks. The size of this pattern mask matched that of the longest prime (8 letters). The forward mask was presented for 200 msec, following which the prime was flashed on the screen for a period of 40 msec. After the presentation of the prime a backward mask, again consisting of 8 hash marks, was presented for another 200 msec. This mask was followed by an IS1 of 500 msec, on which the target was presented for 200 msec. In this way the stimulus onset asynchrony (SOA) between primes and targets was kept identical in all conditions. The interval between trials was 3 sec.
All subjects were tested individually in a dimly illuminated, sound-attenuating booth. In the masked version the experiment started with the forced-choice recognition task. Subjects were told that words would appear very briefly in the window on the screen, in between a row of hash marks. They were asked to look very carefully, and to try to see as much of the words as possible. After each item subjects had to choose one of four alternatives in a written multiple choice test. The task was self-paced. After writing down their response, subjects pushed a button that started the presentation of the next item.
After the forced-choice recognition task (in the masked version) or at the beginning of the test session (in the unmasked version) subjects were told that they would see a series of two letter strings, both clearly visible (in the unmasked version) or with the first one difficult to see (in the masked version). In addition, they were told that in some cases the second letter string formed a common word of Dutch, whereas in other cases the second letter string did not exist as a word in the Dutch language. They were required to indicate whether the second letter string was a word or not by pressing the YES button on the response keyboard with their right index finger for words, and the N O button with their left index finger for nonwords. In the RT versions of the experiment subjects were asked to respond as quickly as possible. In the ERP versions subjects were instructed to delay their response to well after the second letter string was presented. Both response times and response codes were stored directly with the aid of the computer. The illumination conditions, and the subject's distance and position relative to the screen were kept constant among RT and ERP versions. Before the semantic priming experiment began, the set of 28 practice stimuli was presented to familiarize subjects with the procedure. No feedback concerning correctness of response was given to the subjects.
EEG Recording
The EEG was recorded with Ag/AgCI electrodes from midline frontal (Fz), central (Cz), and parietal (Pz) sites as defined by the International 10-20 system (Jasper, 1958) . Vertical and horizontal eye movements were recorded via electrodes that were placed below and at the outer canthus of the right eye. Both scalp and EOG electrodes were referenced to the left mastoid. The EEG was amplified by Nihon Kohden AB-601G bioelectric amplifiers with a Hi-cut of 30 Hz and a time constant of 2 sec. The EEG was digitized on-line with a sampling frequency of 200 Hz. Sampling started 150 msec before onset of the prime, with a total sampling epoch of 3000 msec per trial. Data were stored along with condition codes for subsequent off-line averaging. Trials with excessive eye movement or muscle artifacts were rejected (13% for the unmasked priming, and 11% for the masked priming experiment).
Data Analysis
Analyses RT Data
Statistical analyses were done on the latency data of the critical word target trials. Before the analyses on the latency data, errors and values below 200 msec or above 850 msec were replaced by the subject's mean latency in the relevant condition. A total of 3.8% of the values in the unmasked version, and 2.2% in the masked version was replaced by the mean. Repeated measures analyses of variance (ANOVA) were performed with experimental condition as the within-subject factor and subjects or items as random factors. Due to the low number of errors in all RT versions of the experiment (between 3.6% in the unmasked RT version and 1.9% in the masked version), the interpretation of the results is based only on statistical analyses of the latency data.
